Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1-11 in the 
underlying PCT Application No. PCT/DE2004/0001 12 and adds new claims 12-22. 
The new claims, inter alia , conform the claims to United States Patent and 
Trademark Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1.121 (b)(3)(ii) and 1.125(c), a l\/larked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE2004/000112 includes an 
International Search Report, dated June 17, 2004, a copy of which is included. The 
Search Report includes a list of documents that were considered by the Examiner 
in the underlying PCT application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON 





One Broadway 

New York, NY 10004 

(212) 425-7200 
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[10191/4251] 



FUEL INJECTOR 



Background Information 

Tho pres e nt i nv e ntion i s based on a fu el injector according to th e s p e ci e s dof i n e d i n 



describes a fuel injector having a piezoelectric actuato r is known which is in 
5 operative connection with a valve needle and in doing so is braced via an hydraulic 
coupler. The hydraulic coupler Includes a damping piston which engages In a blind 
hole in an upper valve portion. A gap formed between damping piston and blind hole 
is filled with hydraulic fluid. An annular diaphragm encloses a free end of th e 
argument and forms a compensating chamber filled with hydraulic fluid. 

10 

Due to mechanical, thermal and electrical loading, the piezoactuator is subject to 
linear variation. The linear variation of the piezoactuator caused by electrical 
triggering is selectively utilized to produce the valve lift. 

15 During the injection phase, the hydraulic coupler loses hydraulic fluid via the leakage 
gap between blind hole and damping piston. This results in a lift loss at the valve 
needle. During normal operation, the piezoactuator is triggered for maximally 2 ms. 
For this case the coupler gap is configured such that the leakage losses are 
minimized on the one hand, and the damping piston is repositioned again during the 

20 filling phase on the other hand. 

Basic problems arise in certain operating states such as cold start, hot start, 
operation under emergency conditions, and at low system pressure. In a cold start, 
at very low temperatures (-30 degrees Celsius) and pressures (0.5 Mpa), for 
25 instance, the fuel injector must meter up to the 12-fold value of the full-load quantity. 
This results in long trigger times for the piezoactuator, so that the leakage loss of the 
hydraulic coupler becomes so large that the valve needle drops into the valve seat 
and ends the injection prematurely. 

30 Summarv o f4h eOf The Invention 
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already returns to its original position after a brief injection pause, the coupler gap 
refilling with hydraulic fluid in the process. The formation of a compensating chamber 
within the coupler filled at least partially with hydraulic fluid ensures an effective load 
compensation and a reliable filling of the coupler gap. 

5 

Th e m e asures set forth in th e d e p e nd e nt c l a i ms a l low advantag e ous d e v el opm e nts 
of th e fu e l inj e ctor r e c i t e d in th e indep e nd e nt c l a i ms. 

Providing a throttle opening between the compensating chamber and the coupler 
10 gap makes it possible to reduce leakage losses during the injection phase. 

The use of an elastic diaphragm to delimit the compensating chamber has the 
advantage that thermal and mechanical loading in the form of pressure or volume 
differences acting on the hydraulic fluid are compensated by the diaphragm. The 
15 diaphragm may advantageously be formed by a corrugated tube. 

In a further development of the fuel injector, the hydraulic fluid in the compensating 
chamber is acted upon by a compensating piston. In this way, the hydraulic fluid of 
the compensating chamber is able to be kept under a largely constant pressure. 

20 

In an especially advantageous manner the pressure piston is configured as a 
differential piston at which a fuel pressure is present. This makes it possible to 
compensate for fluctuations in the system pressure. 

25 Brief Description o f th e Draw i nq Of The Drawings 

Ex e mplary e mbodiments of th e pr e s e nt i nv e nt i on are shown i n s i mpl i f i ed form in th e 
drawing and e luc i dated i n gr e ater d e tai l i n th e fo l low i ng d e scription. 

Tho figur e s show: 

30 F i g. 1 Figure 1 shows a schematic sectional view of a first exemplary embodiment of 
a fuel injector according to the present inventionr-and^ 

FiOr- ^Figure 2 shows a schematic sectional view of a second exemplary 
embodiment of a fuel injector according to the present inventionf-. 

35 

F i g. 3 Figure 3 shows a schematic sectional view of a third exemplary embodiment 
of a fuel injector according to the present inventionf-^ 
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^4QT-4 -Fiqure 4 shows an advantageous further development of the fuel injector of 

#■ 

the present invention according to Figure 3, 

Detailed Description of th e Ex e mp l ary Embodimonts 
5 In the following, exemplary embodiments of the present invention will be described 

by way of example. Identical parts have been provided with matching reference 

numerals in all of the figures. 

A fuel injector 1 according to the present invention shown in Figure 1 in a longitudinal 
10 section is used in particular for the direct injection of fuel into a combustion chamber 
of a mixture-compressing internal combustion engine having external ignition. 
Arranged in a housing 2 in a mutually coaxial manner are a piezoelectric actuator 3, 
an hydraulic coupler 4 and a valve unit 5. 

15 Valve unit 5 has a valve needle 6, which carries a valve-closure member 7 at its 
discharge-side end. Valve-closure member 7 together with a valve-seat surface 12 
forms a sealing seat 13 of valve unit 5. Valve needle 6 has a flange 8 on which a 
valve spring 9 is braced. On the other side, valve spring 9 rests against an inwardly 
projecting collar 10 of housing 2 and axially pushes valve needle 6 in the direction of 

20 a closing position of sealing seat 13. 

Piezoelectric actuator 3 is encapsulated in a sleeve 15 and axially prestressed by a 
compression spring 16. A pin-shaped actuating element 17 is interposed between 
actuator 3 and valve needle 6 and transmits to valve needle 6 an axial displacement 
25 of actuator 3 to open sealing seat 13. Disposed between an actuator-side end of 
valve needle 6 and sleeve 15 is a diaphragm 18 in the form of a corrugated tube, 
which seals an actuator chamber 19, situated inside sleeve 15, from a valve interior 
20 arranged between sleeve 15 and housing 2. Valve interior 20 is filled with fuel. 

30 On the coupler side, actuator chamber 19 is delimited by an actuator head 22 at 
which actuator 3 is axially supported on the front end. Actuator head 22 is axially 
displaceable relative to housing 2. On a side of actuator head 22 facing hydraulic 
coupler 4, it carries a tubular extension 23 which forms a receiving opening 24 for a 
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piston 25. Piston 25 is formed as cylindrical projection on coupler head 26 and 
partially engages in receiving opening 24. 

A coupler gap 27 is formed in receiving opening 24 between actuator head 22 and 
5 piston 25, both in the axial and the radial direction, the coupler gap being filled with 
an hydraulic fluid. Coupler gap 27 discharges outside receiving opening 24 in a 
compensating chamber 28 that is delimited by a sealing diaphragm 29. Sealing 
diaphragm 29 is affixed to an outer wall of extension 23 on one side and to coupler 
head 26 on the other side, preferably by soldering or welding. Sealing diaphragm 29 
10 is designed in the shape of a sleeve, preferably as^ corrugated tube. 

On its front-end, coupler head 26 is flange-mounted on a lid 30 delimiting valve 
interior 20 and soldered thereto. An electrical line 34 for triggering actuator 3 axially 
projects through lid 30. Moreover, there is a blind hole 35 in lid 30, which is 
15 connected to an axial fuel line 37 via a transverse bore 36. Blind hole 35, transverse 
bore 36, and fuel line 37 are provided to supply fuel to fuel injector 1 . 

Arranged between actuator head 22 and coupler head 26 is a coupler spring 38, 
which acts upon actuator head 22 counter to valve spring 9, so that in the rest 
20 position of actuator 3 a defined coupler gap 27 forms between piston 25 and actuator 
head 22 at the bottom of receiving bore 24. A cavity 40, which is connected to 
coupler gap 27 by way of a throttle opening 41 having a reduced flow-cross section, 
is located within piston 25. In a corresponding manner, cavity 40 is filled with the 
hydraulic fluid and forms a compensating chamber 42. 

25 

Fuel injector 1 has the following function: In its rest position, fuel injector 1 assumes 
the position shown in Figure 1 . When actuator 3 is activated it undergoes an 
expansion, which is transmitted to valve needle 6 via actuating element 17, so that 
valve-closure member 7 lifts off from valve-seat surface 12 and opens fuel injector 1. 
30 Since the linear expansion and subsequent shortening of actuator 3 occur very 
rapidly, coupler gap 27 remains largely filled with hydraulic fluid, so that actuator 
head 22 is able to be axially braced on coupler head 26 via the hydraulic fluid. Linear 
changes of actuator 3 as a result of thermal or mechanical loading are compensated 
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by the hydraulic fluid in that it is able to escape to this compensating chamber 24 or 
to compensating chamber 42 or is able to enter from there. 

Figure 2 shows a second exemplary embodiment of a fuel injector 1 according to the 
5 present invention. In this design, a compensating piston 43 is provided in cavity 40, 
which seals compensating chamber 42 from a spring cavity 45 via a sealing ring 44 
at its outer periphery. Located in spring cavity 45 is an axial compression spring 46, 
which exerts pressure on the hydraulic fluid in compensating chamber 42 by way of 
piston 25. The volume of compensating chamber 42 may be varied with the aid of 
1 0 compensating piston 43. 

Figure 3 shows a third exemplary embodiment of a fuel injector 1 according to the 
present invention. In this design, cavity 40 is open toward blind hole 35 carrying fuel. 
An interspace 50 adjoins cavity 40. Interspace 50 is in turn connected to blind hole 
15 35 via a throttle line 51 , so that fuel pressure prevails in interspace 50. On the fuel 
side, compensating piston 43 has a cylindrical nose 52 which is acted upon by the 
fuel pressure prevailing in interspace 50. In this design, compensating piston 43 is 
thus configured as differential piston 53. A compression spring 46 has been omitted. 
This design also includes no coupler spring 38. 

20 

Figure 4 shows a variant of the exemplary embodiment according to Figure 3. Here, 
compensating piston 43 is once again configured as differential piston 53 on which 
not only the fuel pressure but also the force of compression spring 46 is acting in 
interspace 50, compression spring 46 being braced on a shoulder 55 within cavity 
25 40. 

The present invention is not restricted to the exemplary embodiments shown but also 
suitable for other designs of fuel injector 1 , for instance for inwardly opening fuel 
injectors or fuel injectors having electrostrictive or magnetostrictive actuators. 
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Abstract Of The Disclosure 

« 

Summary 

A fu e l i nj e ctor (1) i s provid e d, wh i ch has a p ie zo ele ctr i o, el e ctrostr i otiv e or 
magn e tostr i ct i v e actuator (3), a valv e n ee d le (6), wh i ch is i n oporat i vo conn e ct i on 
5 w i th the actuator (3) and acted upon w i th a r e stor i ng forc e by a va l vo spr i ng (9) in a 
clos i ng d i r e ct i on to actuat e a valv e c l osur e m e mb e r (7); and an hydrau li c coup l er (A) 
which oncompasses a p i ston (25) A fuel injector has a piezoelectric, electrostrictive or 
magnetostrictive actuator, a valve needle, which is in operative connection with the 
actuator and acted upon with a restoring force by a valve spring in a closing direction 
10 to actuate a valve-closure member: and an hydraulic coupler which encompasses a 
piston that at least partially engages in a receiving opening (24f and forms a coupler 
gap (27) therewith, which is filled with an hydraulic fluid; a cavity (40)-being formed in 
the piston-2^^ which is open toward the coupler gap ^7}-and at least partially filled 
with the hydraulic fluid and forms a compensating chamber-<42). 

15 (F I guro 1 ) 



